Cancers are still difficult targets despite recent advances in cancer therapy. Due to the heterogeneity of cancer, a single-treatment modality is insufficient for the complete elimination of cancer cells. Therapeutic strategies from various aspects are needed. Gene therapy has been expected to bring a breakthrough to cancer therapy, but it has not yet been successful. Gene therapy also should be combined with other treatments to enhance multiple therapeutic pathways. In this view, gene delivery vector itself should be equipped with intrinsic anti-cancer activities. HVJ (hemagglutinating virus of Japan; Sendai virus) envelope vector (HVJ-E) was developed to deliver therapeutic molecules. HVJ-E itself possessed anti-tumor activities such as the generation of anti-tumor immunities and the induction of cancer-selective apoptosis. In addition to the intrinsic anti-tumor activities, therapeutic molecules incorporated into HVJ-E enabled to achieve multi-modal therapeutic strategies in cancer treatment. Tumor-targeting HVJ-E was also developed. Thus, HVJ-E will be a novel promising tool for cancer treatment. [BMB reports 2010; 43(12): 773-780]
INTRODUCTION
There are several barriers to be overcome in cancer gene therapy. One of the most important issues to be solved is gene delivery vectors. Numerous viral and non-viral methods for gene transfer have been developed for human gene therapy, but both viral and non-viral vectors have limitations as well as advantages. Whatever progress is achieved in gene therapy vectors, it would be impossible to achieve the delivery at 100% efficiency in cancer patients due to the heterogeneity of cancer cells and the complicated vasculature. For example, the most popular cancer gene therapy is the use of p53 gene which induces growth arrest and apoptosis. Although p53 gene therapy has been done in many cancer patients, anti-cancer effects are not sufficient by gene therapy alone (1) . Combination with radiation or anti-cancer reagent is needed to augment p53 gene therapy (2) . However, even by the combination therapy, complete elimination of cancer cells is impossible because of the heterogeneity of tumor-tissue. Actually, cancers frequently recur. It has been expected that immune system equipped with human body could eliminate residual cancer cells. Although the immune system greatly contributes to the treatment of infectious diseases, it is very complicated in cancers. Cancer immunotherapy is quite different from immunotherapy against infectious diseases (3) . Numerous failures of cancer immunotherapy have indicated the difficulty. It has been gradually elucidated that cancer tissues produce factors to attenuate host immune defense system, which induces immunotolerance against cancers in tumor-bearing individuals (4) . Both activation of effector lymphocytes against cancers and suppression of immunosuppressive factors are necessary for more effective immunotherapy (5) . At the beginning of tumorigenesis, cancer cells can be eliminated by host immune system. Such battle may occur frequently in healthy individuals. When the activities of immune system are attenuated by several factors such as senescence, stress and immunosuppressive drugs, cancers begin to grow by escaping host immune surveillance. Finally, large tumor mass overwhelms immune system (6) . At that time, immunotherapy has no more effect to eliminate cancer cells. Therefore, immunotherapy should be started at early stage of cancer. When large tumor mass is formed in patient, tumor mass should be removed as much as possible before immunotherapy. Therefore, to expect the effect of immunotherapy, combination of immunotherapy with any other treatment to remove tumor mass is recommended.
From those points of view on cancer therapy, multilateral therapeutic tools should be intensively committed to the battle. In the development of drug delivery system (DDS), safer vectors have been appreciated. Basically, the concept is correct, but, only for cancer treatment, DDS should have intrinsic anti-tumor activities. Therapeutic molecules incorporating into DDS with intrinsic anti-tumor activities can enhance anti-tumor activities. This might be an ideal cancer treatment and we can see such applications in armed type oncolytic viruses.
Oncolytic viruses have been used for cancer therapy. Current oncolytic viruses are live viruses and kill cancer cells by selective replication in cancer cells. Those are wild type vi-http://bmbreports.org The vector directly introduces molecules inside to the cytoplasm via membrane fusion. A part of DNA rapidly migrates to the nucleolus. SiRNA is delivered to the cytoplasm at high efficiency. The patent of the vector has been already filed in USA, Europe, China, Canada, Korea, Taiwan and Japan. ruses or natural mutants such as E1B-55K deletion adenovirus, New Castle Disease virus and Edmonston strain of measles virus. Additionally, artificial mutants are developed by viral gene engineering such as telomerase-controlled adenovirus, ICP6/γ34.5-deleted herpes virus and thymidine kinase-deleted vaccinia virus (JX-594) (7, 8) . To enhance anti-tumor effects, armed-type oncolytic viruses having therapeutic genes are produced. Cytosine deaminase/thymidine kinase gene-loaded E1B-55K deletion adenovirus and GM-CSF gene-loaded JX-594 have been reported (9, 10) . These viral vectors will be promising therapeutic tools in future. However, as far as viral genome is intact, it is inevitable that live viruses remain in normal tissues of patients. That is not good from the view of safety. Furthermore, tumor-killing activity by those oncolytic viruses may be attenuated by anti-viral immunity raised in patients which can limit viral replication in cancer cells. The enhancement of tumor-immunity is desired for cancer therapy, but on the contrary, it may suppress the replication of oncolytic virus. The strategy may be caught in a dilemma.
Here, I am focusing on replication-incompetent virus with multiple anti-tumor activities. HVJ (hemagglutinating virus of Japan) envelope (HVJ-E) vector as developed using inactive Sendai virus particle as a drug delivery system (11) . While repeating the treatment of tumor-bearing mice using HVJ-E containing therapeutic molecules, HVJ-E itself was found to have anti-tumor activities such as the generation of anti-tumor immunities and direct cancer killing activity (12) .
Development of HVJ envelope vector
HVJ belongs to mouse parainfluenza virus and it is not a human pathogen. The virus is famous for inducing fusion with cell membrane at neutral pH, and HN and F-fusion proteins of the virus, contributes to the cell fusion (13) . HN binds to acetyl type sialic acid and degrades the sugar chain with its neuraminidase activity. Then, F associates with lipids, such as cholesterol in the cell membrane to induce cell fusion. Using membrane fusion activity of HVJ, we have constructed fusion liposomes (HVJ-liposomes) by combining DNA-loaded liposomes with inactivated HVJ particle (14) . However, HVJ-liposomes have been widely used for gene transfer both in vitro and in vivo, there are some drawbacks. One disadvantage of HVJ-liposome is the complicated procedure to prepare the vector, which has been a major obstacle for clinical use. Another is the weak fusion activity of the HVJ-liposomes, which is approximately 2% of native HVJ because of the reduction of density of fusion proteins on the surface of HVJliposomes. To simplify the vector system and to develop more effective gene delivery system, inactivated HVJ particle itself without liposomes was turned to a vector for drug delivery (11) . As shown in Fig. 1 , HVJ was inactivated with b-propiolactone (0.0075-0.001%) or by UV irradiation (99 mjoule/cm 2 ) as described previously, and then purified by ion-exchange column chromatography and gel filtration. The diameter of HVJ envelope (HVJ-E) was 220 nm and the zeta potential was approximately −5 mV. Exogenous plasmid DNA was incorporated into inactivated HVJ by treatment with mild detergent (for example; 0.02-0.05% Tween 80) and centrifugation (10,000 g, 5-10 min). Electronmicroscopy confirms that DNA is incorporated into all of the particles of inactivated HVJ. The largest DNA tested was a 14 kb plasmid DNA, with a resultant trapping efficiency of approximately 18%. Fusion between HVJ-E vector and cell membrane occurs within only 3-5 sec-http://bmbreports.org BMB reports onds immediately after the attachment of the plasmid-containing HVJ-E vector to a cell surface (Fig. 1) . HVJ-E can produce cytokines and chemokines especially in dendritic cells and some cancer cells (12) . However, the production of cytokines and chemokines in dendritic cells by HVJ-E vector was abolished by the treatment of HVJ-E with Triton-X100, but maintained by Tween 80-treated HVJ-E (15). Both detergents were available for incorporation of therapeutic molecules into HVJ-E vector. For cancer treatment, both immunological activities and drug delivery potency of HVJ-E are necessary, but, for the therapy of diseases other than cancers, induction of cytokine and chemokine may be harmful. Thus, using two different detergents at the incorporation step, it is possible to construct HVJ-E vector with or without anti-tumor immunity. The applications of HVJ-E to drug delivery, gene therapy and gene screening are described elsewhere (15) .
Since the viral genome is inactivated, there are no replication and viral gene expression in the cells infected with HVJ-E vector. To show the evidence of inability of replication, the amount of viral genome was analyzed using quantitative real-time RT-PCR. Renca cells were treated with UV-inactivated HVJ (HVJ-E) or live HVJ and RNA were isolated from the cells in 12 and 24 hours after the treatment. When cells were infected with HVJ-E, the level of viral RNA was much lower at 12 hr than that infected with live HVJ, and the RNA level decreased at 24 h compared with the level at 12 h. On the other hand, it increased with live HVJ. This result shows that UV-inactivated HVJ (HVJ-E) loses the ability to replicate its genome.
Gene transfer to mouse muscle by HVJ-E vector was not inhibited by repeated injections (16) . This is probably because fusion occurs very rapidly so that fusion-mediated drug delivery finishes before sufficient binding the antibody to the vector.
Anti-tumor immunities by HVJ-E
When HVJ-E was injected into murine colon carcinoma (CT26) tumors growing in syngeneic Balb/c mice, tumors were eradicated in 60-80% of the mice and the tumor growth of the remainder was obviously inhibited (17) . Induced adaptive antitumor immune responses were dominant in the tumor eradication process because the effect was abrogated in severe combined immunodeficient (SCID) mice. Actually, cytotoxic T lymphocytes (CTL) activities were much enhanced by HVJ-E injection. In murine renal cancer (Renca) mouse model, some inhibitory effects on tumor growth were seen even in SCID mice and the effect was abrogated by the coinjection of anti-GM1 antibody with HVJ-E which depletes natural killer (NK) cells (18) . Therefore, the injection of HVJ-E into tumors induces strong anti-tumor immune responses including the activation of CTL and NK cells in tumor-bearing mice (Fig. 2) . Furthermore, HVJ-E inhibited regulatory T cell (Treg)-mediated immunosuppression through interleukin (IL)-6 secretion from maturated dendritic cells (DCs) (17) (Fig. 2 ). IL-6 is known to inhibit Treg probably because of the increase of methylation of enhancer region of FoxP3 which is a key transcription factor in Treg (19, 20) . We have been analyzing the mechanisms of induction of tumor-immunity by HVJ-E. One major effect was caused by the production of interferon-β (IFN-β). The component of HVJ-E responsible for production of IFN-β was degraded viral RNA fragment. Viral RNA can be recognized by cytoplasmic RNA receptors, retinoic acid-inducible gene-I http://bmbreports.org Those factors activate the expression of some genes including IFN-β. Secreted IFN-β binds to its receptor on cancer cell surface and activates Jak-Stat signaling pathway. Finally, caspases are activated to induce apoptosis off cancer cells. However, this pathway is one of the mechanisms of HVJ-E-mediated cancer cell killing. However, other pathways remain to be elucidated.
(RIG-I) and melanoma differentiation antigen-5 (MDA-5) (21) . Sendai virus RNA is recognized by RIG-I and the RIG-I/RNA complex interacts with mitochondrial anti-viral signaling (MAVS) on mitochondria, which activates several transcription factors such as IRF3, IRF7 and NF-κB (22, 23) . Those factors can activate the production of many cytokines and chemokines including IFN-β. Another effect, especially on the suppression of Treg, resulted from IL-6 which is produced from DCs. The component of HVJ-E for IL-6 production is F protein on HVJ envelope, not RNA inside the particle (24) . Further analysis elucidated that the carbohydrates of F protein recognized by unknown receptor(s) on DCs induced the signal for IL-6 production via NF-κB activation. Thus, HVJ-E alone may be an effective treatment against cancer, and a clinical trial to test the safety and efficacy of HVJ-E in the treatment of malignant melanoma is underway. However, anti-tumor immune responses induced by HVJ-E may be suboptimal because its activation of effector T cells appears to be indirect, requiring several steps. First, HVJ-E induces the secretion of CXCL10 from DCs which recruits NK cells to the tumor-bed; then, IFN-k secretion from DCs induced by HVJ-E elicits activation of NK cells; and finally the activated NK cells produce IFN-c which promotes activation of effector T cells (18) (Fig. 2) . Moreover, effector T cells should be activated efficiently to become CTL at the recognition of tumor antigens raised by MHC-class I molecule. Thus, HVJ-E alone does not directly activate effector T cells, and multiple injections of HVJ-E are needed for achieving effective immune responses (17, 18) . More efficient activation of effector T cells by HVJ-E can be mediated by therapeutic molecules incorporated into HVJ-E. The trial is described in section 4.
Direct tumor killing by HVJ-E
When the castration-resistant human prostate cancer cells, PC3 and DU145, were treated with various amounts of HVJ-E, the viability of both cell lines was significantly suppressed by HVJ-E in a dose-dependent manner (25) . Apoptosis of PC3 cells was clearly detected 24 hr after HVJ-E treatment by Tunel staining of fragmented DNA. Increased expression of caspase 3 and 8 was detected in PC3 cells after HVJ-E treatment, while the expression of caspase 9 remained unchanged. However, growth inhibition of normal prostate epithelium, PNT2, was not observed. Receptors for HVJ are ganglioside GD1a and sialyl paragloboside (SPG). Those gangliosides were highly produced in PC3 and DU145 cells. The amount of GD1a and SPG of those castration-resistant prostate cancer cells was 2-3 times more than that of PNT2. Sensitivity of HVJ-E to PC3 and DU145 is partly due to the high number of receptors for HVJ. However, PNT2 produces some amount of GD1a and SPG, which is sufficient for fusion with HVJ-E. Nevertheless, apoptosis was not caused in PNT2 by HVJ-E. What is the mechanism for tumor-selective killing by HVJ-E?
Microarray analysis of genes expressed in PC3 cells after HVJ-E treatment revealed seventeen IFN-induced genes (26) among the twenty most up-regulated genes (25) . This result suggests that the secretion of type I IFN (IFN-α, -β) by tumor cells following HVJ-E treatment may stimulate IFN-related genes. It is known that live HVJ induces the production of type I IFN by RIG-I-mediated recognition of double-stranded viral RNA (21) . HVJ-E also induces type I IFN secretion in murine dendritic cells in a fusion-dependent manner (24) . Significant induction of IFN-α and -β was detected in the culture medium of PC3 cells following HVJ-E treatment, although IFN-α and -β were not secreted in PNT2 cells. In addition, IFN secretion was not detected in murine carcinoma cell lines, including CT26 and Renca (17, 18) . RIG-I expression increased in both PC3 cells and DU145 cells after HVJ-E treatment, and this induction was blocked by antibody against the IFN receptor. Thus, HVJ-E augments production of the cytoplasmic receptor of its RNA genome through the production of type I IFN. Type http://bmbreports.org BMB reports I IFN is known to induce apoptosis in some transformed cell lines via Jak-Stat pathway (27) . By adding a Jak inhibitor to PC3 cells prior to HVJ-E treatment, pStat1 was reduced to an undetectable level even after HVJ-E treatment. Caspase 8 was also down-regulated in the presence of the inhibitor. When an antibody against the IFN receptor was added to cells 3 hr prior to HVJ-E treatment, Stat 1 phosphorylation and caspase 3 and 8 activation by HVJ-E were suppressed. Annexin V-positive cells increased with HVJ-E, but a significantly reduced number of apoptotic PC3 cells were observed following pre-treatment with the Jak inhibitor. From these results, IFN-β produced from PC3 cells by HVJ-E seems to be a trigger for apoptosis as shown in Fig. 3 . However, with either IFN receptor antibody or Jak inhibitor, apoptosis of PC3 cells was not completely blocked. Moreover, many PC3 cells were resistant to IFN-β treatment. Therefore, some factors other than IFN-β may exist to induce apoptosis in PC3 cells by HVJ-E (28). Further analysis is needed for the complete elucidation of tumor-selective apoptosis by HVJ-E. Apart from the mechanism, HVJ-E was very effective for the eradication of prostate cancers in mice. PC3 cells were intradermally inoculated into the backs of SCID mice, after which each tumor mass was directly injected with HVJ-E on days 10, 13 and 16 after inoculation. In the HVJ-E-treated group, the tumors were completely eradicated in all mice (25) . It is known that HVJ-E eradicates mouse renal cancers by activating NK cells (18) . Then, to test the effect of NK cells on tumor regression by HVJ-E treatment, an anti-asialo GM1 antibody was co-injected with HVJ-E three times into each PC3 tumor mass. Tumor regression by HVJ-E was slightly attenuated by the anti-asialo GM1 antibody, however, significant suppression of tumor growth was observed even in the presence of anti-asialo GM1 antibody. To further test the contribution of NK cells on tumor-regression, tumor-bearing NOD-SCID mice were treated with HVJ-E on days 15, 20 and 25 after tumor inoculation. In NOD-SCID mice, tumor growth was also suppressed by HVJ-E. However, tumor masses (50-60 mm 3 ) were palpable more frequently in NOD-SCD mice injected with HVJ-E than in SCID mice. Following injection of HVJ-E, the ratio of tumor-free mice on day 50 was 13/18 (72.2%) in NOD-SCID mice versus 11/13 (84.6%) in SCID mice. Therefore, in SCID mice, HVJ-E induced tumor regression partly due to the NK cell activation, but mainly by the induction of tumor-selective apoptosis.
Enhanced cancer treatment using armed-type HVJ-E
Cancer therapy using siRNA-loaded HVJ-E: HVJ-E vector is available for the delivery of proteins, anti-cancer small compounds and small interfering RNA (siRNA) (15) . The efficiency of the delivery of siRNA to cultured cancer cells using HVJ-E is very high. It is generally 50-100%. Using HVJ-E, Rad51 siRNA was introduced to cancers both in vitro and in vivo. The siRNA enhanced anti-cancer effect of cis-diamminedichloroplatinum (II), one of the most widely used anti-cancer drugs, and inhibited cellular growth by inducing DNA double-strand breaks (29) . For human glioma treatment, siRNA against Eg5 which is a motor protein involved in centriole separation and the formation of mitotic spindles (30) was also incorporated into HVJ-E. HVJ-E vector itself induced extensive apoptosis in some glioma cell lines such as U258MG and T98G. But, another glioma cells, U118 MG and A172, were not so sensitive to HVJ-E as glioma cells above. Then, Eg5 siRNA-loaded HVJ-E was constructed (31) . The sRNA-incorporating HVJ-E showed much more tumor-killing activity than HVJ-E alone. The combination of Eg5siRNA and HVJ-E was very effective for inhibiting the growth of glioblastoma in both cultured cells and intracranial tumor model. Cancer gene therapy using HVJ-E: To determine the best candidate cytokine for immunogene therapy with HVJ-E, granulocyte monocyte-colony stimulating factor (GM-CSF), IFN-β, IL-2, and IL-12 gene were selected to incorporate HVJ-E because those genes have been used for glioma treatment (32) (33) (34) (35) (36) (37) (38) (39) . The anti-tumor effect was examined in glioma-bearing mice by HVJ-E-mediated transfer of each cytokine gene (pVAXmGM-CSF, pVAX-mIFN-β, pVAX-mIL-2, pVAX-mIL-12, or pVAX-Luc, a negative vector control) (40) . Treatment with HVJ-E containing pVAX-mIL-2 showed the most dramatic inhibition of tumor growth among the groups (39). The percentage of mice exhibiting complete tumor eradication showed marked differences emerged between the treatment groups. Treatment with HVJ-E containing pVAX-mIL-2 resulted in eradication of 70% of all tumors, whereas no tumors were eradicated after the treatment with PBS or HVJ-E containing pVAX-Luc, and only 20%, 30%, or 40% of tumors were eradicated after the treatment with HVJ-E containing pVAX-mIFN-b, HVJ-E containing pVAX-mGM-CSF, or HVJ-E containing pVAX-mIL-12, respectively (n = 10 per treatment group). Therefore, IL-2 gene was further tested as the most attractive candidate for immunogene therapy using HVJ-E.
Then, the efficacy of IL-2 gene therapy using HVJ-E was assessed in an intracranial mouse glioma (RSV-M) model. RSV-M cells were stereotactically inoculated into the brains of mice; 7 days after inoculation, HVJ-E containing pVAX-mIL-2, HVJ-E containing pVAX-Luc, or PBS was injected into the tumor sites. There were no signs of toxicity such as weight loss. Seven days after treatment, the mice were euthanized and tumor volumes were evaluated. Tumors in the mice treated with HVJ-E containing pVAX-mIL-2 were significantly smaller than the tumors in the other treatment groups (P ＜ 0.05). The survival period of mice treated with HVJ-E containing pVAX-mIL-2 was significantly longer than that of mice in the other treatment groups (P ＜ 0.05).
To understand the potential mechanism of anti-tumor activity of IL-2 gene therapy using HVJ-E, mRNA expression of tumor-infiltrating immune cells such as CD4 + , CD8
+ and Foxp3 + cells was measured in tumors from the three treatment groups, HVJ-E containing pVAX-mIL-2, HVJ-E containing pVAX-Luc, or PBS, 7 days after treatment. CD4 and CD8 expression was significantly increased in the tumors treated with http://bmbreports.org HVJ-E containing pVAX-mIL-2 relative to the expression in the other treatment groups (P ＜ 0.05). Although it is reported that IL-2 also functions to expand and maintain Tregs in addition to stimulating proliferation and activation of effector T cells (41, 42) , the expression of FoxP3, Treg marker, in the tumors treated with HVJ-E containing pVAX-mIL-2 was not significantly increased compared to the tumors with the other treatments. Thus, HVJ-E used for IL-2 gene therapy inhibited Treg expansion and, as a result, enhanced the proliferation of therapeutic effector T cells.
Development of tumor-targeting HVJ-E
In order to treat metastatic tumor foci, targeted drug delivery following systemic vector administration is desired. A new strategy was developed to construct tumor-targeting HVJ-E. In this strategy, first, a chimeric protein gene was constructed between F protein gene of HVJ and a tumor-targeting molecule such as transferrin and then, the chimeric gene was transferred to monkey kidney cells (LLCMK2 cells) in which HVJ effectively replicates. The construct was determined by evaluating the localization of chimeric protein on cell membrane (43) . As a result, a signal sequence-depleted human transferrin gene was inserted into the F gene deletion mutant of HVJ, consisting of a signal sequence, transmembrane domain and cytoplasmic region (43, 44) . Such chimeric protein on cell surface was incorporated into the progeny of HVJ produced from LLCMK2 cells after wild-type HVJ infection. Next step was the removal of HN protein from the progeny of HVJ produced from HVJ-infected LLCMK2 cells. HN binds to the viral receptor on cell membranes. This protein is also involved in the agglutination of red blood cells (13) . To increase the targeting specificity and decrease hemagglutination, HN-depleted HVJ is needed. For this purpose, LLCMK2 cells were transformed with HN-specific siRNA. The HVJ progeny produced from those LLCMK2 cells lost HN, but retained F protein (45) . No hemagglutination was detected by the HN-depleted HVJ. Finally, by combining the construction of chimera containing the F protein and a targeting molecule with the use of HN-specific siRNA to produce HN-depleted HVJ, tumor-targeting HVJ-E vector without HN was developed (44) . In this case, transferrin was used as a tumor-targeting molecule. Transferrin receptor is very abundant in cancer cells, but the specificity is not so strict and other growing cells possess the receptor. Furthermore, endogenous transferrin in blood may competitively inhibit the targeting ability of transferrin-coated vectors. However, transferrin has been widely used for targeting to cancers (46) .
To analyze the infectivity of tranferrin-F containing HN-depleted HVJ (chimera-F/ΔHN HVJ) constructed to target the transferrin receptor, HeLa cells were infected with chimera-F/ΔHN HVJ. Human embryonal kidney (HEK293) cells, which express lower levels of the transferrin receptor, were also infected. Expression of the transferrin receptor in human cervical cancer (HeLa) cells was 14-fold that of HEK293 cells. The infection efficiency was evaluated by fluorescence detection of F protein produced by infected cells. In the absence of excess transferrin, chimera-F/ΔHN HVJ demonstrated approximately three times greater infection efficiency of HeLa cells than wild-F/ΔHN HVJ. In HEK293 cells, both wild-F/ΔHN HVJ and chimera-F/ΔHN HVJ demonstrated lower rates of infection with no significant difference in rates of infection among both types of HVJ (44) . In the presence of excess transferrin during infection, the infectivity of chimera-F/ΔHN HVJ was suppressed and not significantly different from that of wild-F/ΔHN HVJ in HeLa cells (44) .
Next, the tumor-targeting efficiency of chimera-F/ΔHN HVJ-E was evaluated in vivo. For this purpose, chimera-F/ΔHN HVJ or wild-F/ΔHN HVJ were inactivated by UV-irradiation and Q-dots were incorporated into the inactivated viral particles. Q-dot-containing vectors were injected into the tail vein of nude mice bearing HeLa cell tumors on their back. At 48 hours, Red fluorescent Q-dots were detected in every tumor section when the Q-dots were introduced using chimera-F/ ΔHN HVJ-E. However, fluorescence was barely detected after administration of wild-F/ΔHN HVJ-E containing Q-dots. Red fluorescent Q-dots were detected in the liver following administration of both HVJ-E vectors, but rarely seen in other organs, such as the lung, spleen and heart. By counting the number of cells containing red fluorescence within the tumor mass, a 32-fold enhancement of tumor-targeting efficiency was observed following administration of chimera-F/ΔHN HVJ-E, compared to wild-F HVJ-E (44).
Tumor-targeting molecules other than transferrin are also developed. For example, folate has been already clinically used for tumor-targeting (47) . The anti-CD19 antibody targets B cell lymphoma (48) , and immunotoxin therapy has been developed (49) . Sigma receptors are known to be enriched in cancers (50) . Its ligand is used for cancer-targeting drug delivery by conjugating with liposomes (51). In the future, it will be absolutely necessary to identify more specific cancer-targeting molecules. From the view to suppress recurrence of cancers, cancer stem cells should be targeted. Although several molecules have been reported as markers for cancer stem cells in glioma and mammary carcinoma, the concept is still controversial (52) . No specific molecules for targeting have been identified to cancer stem cells. Although there are no data for the affinity of HVJ-E to cancer stem cells, cancer stem cell-targeting HVJ-E vector should be constructed in future.
CONCLUDING REMARKS
Here, I focused on HVJ-E vector. As a review article, similar vectors should be much more introduced. However, as I described in the Introduction, all other vectors with similar oncolytic function are replication-competent viruses. Until now, HVJ-E is only one replication-incompetent oncolytic virus. Furthermore, HVJ-E can induce multiple anti-tumor immunities and also can act as a gene delivery vector. From these points, HVJ-E is a unique vector which will become a promising ther-apeutic tool against cancers. I hope that the concept of nonreplicating oncolytic vector will be more appreciated for cancer therapy and many other vectors with similar functions will be found in future.
